It might be of interest to try to account for the difference in the form of f in terms of the psychological process underlying the formation of subjective values. As already mentioned, the subjective value v, of a particular object is assumed to be a function of the relative position c, it occupies when compared with the conditions of all the other objects in the same class. Suppose that, in the" mind" of the subject, objects, e.g., watches, are distributed with respect to their condition, and the distribution operates as the frame of reference for evaluative judgments about watches. It is not necessary that the subject be conscious of the distribution. Presumably it underlies the judgment as the functional determinant: it may be a reflection of the subject's knowledge about what kinds of watches are on the market.
In a situation where the subject's knowledge is highly differentiated, it may be possible to assume exponential distribution:
As revealed in Fig. 6 , the higher the c, the smaller becomes the probability density dF(c). In other words, there are many mediocrities and few in a distinguished position.
On the other hand, in a situation where the knowledge is not well differentiated, the appropriate distribution may take the form (24) which is a rectangular distribution, and cu represents the upper limit of c. As shown in Fig. 6 , the distribution is flat from co to co, which implies that the subject cannot tell by position which objects along the continuum C are popular or which are particularly distinguished.
With respect to the manner by which the subjective value r, for the particular condition c, is formed, it is assumed that two entirely different forms could exist:
where K is a constant.
In Form A, the subject would take into account all the objects that where less desirable than the one in c8. The larger the number of the objects, the larger the value of v,. In Form B, however, the subject would be concerned with all the objects in a higher status than c,, and the smaller the number of the objects, the larger the value of vs. The two forms can be explained by analogy. Suppose that a student ranks third in school record in a class of 50 students. According to Form A, it may be said that he is doing well because there are 46 students whose records are poorer than his. According to Form B, he may be said to stand high because there are only 2 students whose records are better than his. Thus the differences in Types I, II, and III are ascribed to a difference in the distribution and a difference in the form. and a is give in (31).
The model described may be no more than a possible interpretation of the form of f. There is neither a method to verify the distribution dF(c) per se, nor a method to verify the assumed processing by which v is formed from dF(c), nor can anything be predicted from the model excepting such vague inferences as the following. If a product is of a new kind, Type I is likely to apply, since the knowledge about it is not differentiated. When the scarcity value is at issue, as with jewelry, for example, Type III can be expected to hold.
Another possible interpretation of f might be of the form (6) or (7). Intergrating (6) with respect to c gives Type II and integrating (7) yields Type III. Evidently Type I is derived from The interpretations of this kind do not presuppose the distribution along C. There is one more factor that should not be disregarded in interpreting the difference in the form of f. That is, the nature of the scale for subjective value employed, e.g., v scaled by the procedure described in the previous section, which will be discussed later.
OTHER FORMS OF f
In addition to the three models discussed above, other models may be considered. (23) and (24). To date, however, the author has not come across such data with which any one of the three Types I, II, or III fails to give a better fit than (34), or types derived by assuming a normal distribution instead of (23) or (24). Although discussion will be limited to the three types for this empirical reason, it is not claimed that the list is exhaustive. Up to this point, only desirable conditions c have been taken into consideration so that c,,>0 and (cs+c)>c,.
Obviously there are also undesirable conditions c, such that c,<0 and (cs+c,)<cs. As can be seen in the appendix, negative conditions are included among the set of characteristics in" intelligence of persons ". With regard to commodities, it may be appropriate in some cases to regard price as one of the characteristics. For instance, c, represents sents" the commodity having a characteristic k and a price of A dollars". Since a high price is usually not a desirable condition, it becomes necessary to extend the analysis so that negative conditions are admissible.
Type I: If it is assumed that the rectangular distribution F(c) covers the negative side of C also, co should be replaced by-co, giving-co>c>c,. in (27) An example from the data on" intelligence of persons" is shown in Fig. 10 . The curves were fitted by eye as were most other curves in the study. It was found that ordinarily VZ is much larger than V1. EMPIRICAL DATA:GROUP ANALYSIS Since the form of f is not necessarily the same for all individuals, even though the same kind of subjective value is under consideration, the application of the analysis to the responses of a group of subjects poses a new problem. Hence, a group experiment was carried out on the subjective value of watches. The set of characteristics employed are listed in the appendix. The subjects were university students.
Each characteristic was first explained in detail with the aid of a halftone illustration. A series of cards were then given to the subjects, each of which contained a pair of photographs of watches. The two pictures illustrated the watches in conditions cs and ct. A short written description of the conditions was also given. The judgment required of each subject was exactly the same as in the individual analysis. However, each subject made only 16 paired comparisons which took about 8 min, since the purpose of this group experiment was to test the applicability of this method to a social FIG. 11 . The internal consistency among averages of ratio judgments made by a group of Ss. Theoretical ratio ] versus the average of the logarithm of the empirical ratios.
survey. All responses were pooled to give a total of 50 to 60 repetitions for each pair (c, versus c,) . Hence, the average of log v,, was put into (20) and (22) in order to give scaled values vs, v, which should represent the subjective value of the group as a whole to the watches in conditions c,, ct. As before, for the purpose of testing the internal consistency, the average of individual responses, log r, is plotted in Fig. 11 against the corresponding theoretical value, log r, The result seems to be satisfactory. Then, analysis of the scaled value v shows, as can be seen in Fig. 12 , that Type III holds for the group.
In the present experiment we have an alternative method for scaling the subjective value, i.e., Thurstone's method. Because 50 to 60 subjects made comparison judgments for each pair, the proportion ps, of the subject who preferred the watch in cs to the watch in ct was available. Assuming Thurstone's Case V or Togerson's Condition C (1958), it was simple to calculate the scaled valus w, and w,, which are interpreted as the means of individual differences in preference of the watch in FIG. 12 . The relationship corresponding to Type III among subjective values by ratio judgments scaled for a group of Ss. cs and the watch in c,. Goodness of fit of this model to the data was tested as follows. According to Mosteller's procedure, the experimentally obtained proportion ps, and the proportion p,, determined in theory from w, and w,, were compared with the aid of the arcsine transformation (Torgerson, 1958) . The computed value of chi square was 280 with 41 degrees of freedom to give the conclusion that the model involved in the method of scaling is not acceptable from the statistical point of view (p<0.005). For comparison with Fig. 11 , the difference in theory zss= (w5-w,) and the corresponding difference zss in the data are plotted in Fig. 13 where zsc is related to p,, as follows: (43) As indicated by the curve in Fig. 13 , it seems possible to conceive of the tendency that z " saturates " at the lower and higher ends of the range of z. I have observed the same tendency in the comparable situation of two studies which deal with sensory magnitudes.
Among recorded responses to be pooled, there may be some that are out of tune, because of a mistake in recording, or careless observation, or for any other reason.
Should there be such " noise " in pooled responses , ps, will be prevented from approaching sufficiently close to 0 or 1. This shrinkage in range will be more or less recovered in the processed results z, but will be marked in z, which makes the curvilinear relationship understandable.
In the statistical test mentioned above, the error term consists of sampling fluctuations in p,, only. It is perhaps true, however, that data collected in group experiments are not generally free from noise, and in testing allowance must be made for the noise. Hence, rather than discard w on the basis of the tests, we might try to see what happens to w if it is related to other variables. Though processing may not be sufficient to remove from w all the contamination due to the noise, the trial may lead to some interesting consequences.
Plotting v against w, it was found that the relation between the two was of the form (44) as shown in Fig. 14 , which implies that w should be of Type I with respect to c, since the relationship between v and c is given by (5). In fact, Fig. 15 reveals that the relationship indicated in (8) is Fie. 14. Non-linear relationship between two scales: v based on ratio judgment and w scaled by Thurstone's method . confirmed with w, though the scatter is rather large.
In addition to the paired comparison, the subjects in the present experiment were asked their opinion about the prices of the watches. When making the paired comparisons of preference, the subjects had been instructed to assume that the two watches in conditions c,, c, were the same except for the characteristics enumerated in c, and c,. That is to say, the two watches were to be understood as being of the same price when the scales v and w were constructed. Then, as a different problem, the subjects were asked their opinion of the prices. Sixteen cards were given to the same subjects after all the above judgments were finished, each card containing a photograph of the watch in c, with a short written description of c,. As a standard, the price of one watch, e.g., the watch in c4, was indicated, and subject was required to price each of the remaining 15 watches at what ever " yen " (Japanese currency) he would willingly pay, provided the watch in c4 was at the given price. The standard was varied four ways according to groups of the subjects, but the four sets of results were found proportional to each other. Hence, all the results could be combined by ad- justing the difference in unit due to the difference of standard, to give the average price a, for the watch in c,.
As Fig. 16 shows, it can be said, at least as an approximation of the first order, that the price n is power function of the subjective value v. It can be ascertained from Fig. 17 that the price;r is a linear function of the subjective value w, though the scatter of plotted points is considerable. As for the relation of a to c, however, the one indicated in (8) does not hold very closely, as is clear from Fig. 18 . Rather, it seems more appropriate to con- Fro. 19. The relationship corresponding to Type II among prices for watches which Ss are willing to pay.
sider the price n to be of Type II with the maximum price II of a fairly large value. Figure 19 shows the relationship indicated in (9).
In the group analysis concerning watches, the three kinds of scale, namely, v, w, and it, were obtained. Considered as a function of the condition c, the subjective value v was clearly of Type III, the subjective value w was approximated by Type I, and the price r< was of either Type I or Type II. It is not surprising that v and 7C are different in the form off. The price n may have its own relationship to c. It seems meaningless, however, to try to interpret the form of n-f(c) in terms of the distribution dF(c) on C. Perhaps a more natural model would be to derive Type I or II from the form corresponding to (33) impose restrication on its form off As described in the section on individual analysis , v can be of Type I or Type II. If these cases involved an interval scale not linearly related to v , we should need types other than those under discussion .
The circumstance poses a puzzling problem for practical application of this type of analysis. If a rational decision differs according to the form of f, which of the two, one based upon v and the other upon w, should be relied upon? A possible answer follows. The scale w, indicates the position on C of the center of the normal distribution, with respect to individual difference in preference, of a watch in condition c,. The distribution is hypothesized to account for the observed fact that there are two types of subjects, according to their digital representation of preference, one preferring the watch in cs and the other preferring another watch in c,. Besides, the standard deviation of the distribution is assumed to be a constant on this continuum W. On the other hand, vs is supposed to represent the intensity of the individual preference toward the watch in cs. Nothing is implied in v to account for individual difference in the preference. Though v in the group analysis may correspond to the geometric mean of the intensities of the individual preference, the only purpose of taking the group into consideration is to stabilize the scale and not to explain the individual difference. The scale is based on an analogue representation of the individual preference and has been constructed on the basis of ratio judgments. Such being the case, then, we should rely upon the measure w when the proportion of people preferring one object to another is at issue and upon the measure v when we want to know how strongly an object appeals to people, and especially when we are interested in knowing how many times more strongly it will appeal if its condition is improved to a given extent. Obviously, this is not a satisfactory answer to the problem, and it is to be stressed, as the final remark, that practical problems like those referred to in the present article will never have satisfactory solutions until the scaling technique itself is laid upon a logically sound basis.
